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Recently, I. Mosyagin, A.V. Lugovskoy, O.M. Krasilnikov, Yu.Kh. Vekilov,
S.I. Simak and I.A. Abrikosov [1] presented a description of a technique for ab
initio calculations of the pressure dependence of second- and third-order elastic
constants. Unfortunately, the work contains serious and fundamental flaws in
the field of finite-deformation solid mechanics.
Finite strain tensor ηij in Ref.[1, Eq.(6)] is incorrectly defined and even
wrongly rewritten from Ref.[2, Eq.(1.5)]. In nonlinear continuum mechanics it
is known as Green-Lagrange strain tensor and is correctly defined as:
η =
1
2
(αTα− I) or ηij =
1
2
(αkiαkj − δij), (1)
see Ref.[3, Eq.(2.67)].
The quantity αij called in Ref.[1] ”tensor of transformation coefficients of the
system” is crucial in nonlinear continuum mechanics and is a primary measure
of deformation, called the deformation gradient. In general, tensor α is non-
symmetric and has nine components, see Ref.[3, Eq.(2.39)].
Deformation gradient α cannot be expressed by a function of η:
• Tensor α is in general non-symmetric while η is symmetric, thus the right
sides of this equations in Ref.[1, Eq.(13) and Eq.(18)] are always symmetric
and in general LHS 6=RHS
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• Let’s take so-called simple shear deformation, where the deformation gra-
dient can be expressed as in Ref.[4, Eq.(2.2.54)]:
α =


1 γ 0
0 1 0
0 0 1

 , (2)
and thus η (1) for the simple shear deformation (2) will be:
η =


0
γ
2
0
γ
2
γ
2
2
0
0 0 0

 , (3)
and now apply RHS of the third order expansion defined in Ref.[1,
Eq.(13)] to our simple shear deformation(2):
RHS =


16−2γ2+γ4
16
8γ−γ3+γ5
16
0
8γ−γ3+γ5
16
16+6γ
2
+γ
6
16
0
0 0 1

 , (4)
and RHS of the 4th order expansion defined in Ref.[1, Eq.(18)]:
RHS =


128−16γ2+3γ4−5γ6
128
64γ−8γ3−2γ5−5γ7
128
0
64γ−8γ3−2γ5−5γ7
128
128+48γ
2−5γ4−7γ6−5γ8
128
0
0 0 1

 , (5)
and we see that RHS in Eq.(4) as well in Eq.(5) 6→ Eq.(2).
• Let’s now take the deformation gradient α expressed as
α =


1√
2
− 1√
2
0
1√
2
1√
2
0
0 0 1

 . (6)
It is easy to check that η (1) for this deformation (6) will be:
η =


0 0 0
0 0 0
0 0 0

 . (7)
and thus expansions defined in Ref.[1, Eqs.13&18] equal to I and again
6→ Eq.(2). This will be the case for all deformation gradients being proper
orthonormal tensors, simply a rigid rotations, see Ref.[4, Eq.(2.2.23)]. We
see that α is not an objective strain measure since it does not vanish
if the body is subjected to a rigid body motion, see Ref.[5, Sec.(2.2)].
Since a rigid rotation should not induce any stresses in a deformable body,
strains should be based on deformations without being influenced by a
pure rotations.
2
• Tensor α has 9 components (not 6) which has been forgotten in Ref.[1,
Appendix B], S1,. . .,S11
To conclude, the authors have forgotten about the non-objectivity of the
deformation gradient and its non-symmetry. In their expansions they should
use symmetric and objective tensors of deformation, such as stretch tensor U,
see Ref.[5, Sec.(2.4)].
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